Zoledronic acid overcomes chemoresistance by sensitizing cancer stem cells to apoptosis.
Unlike low tumorigenic bulk tumor cells (non-CSCs), cancer stem cells (CSCs) are a subset of tumor cells that can self-renew and differentiate into different cancer subtypes. CSCs are considered responsible for tumor recurrence, distant metastasis, angiogenesis, and drug or radiation resistance. CSCs also are resistant to apoptosis. Zoledronic acid (ZA) is a third generation bisphosphonate that reduces cell proliferation and exhibits anti-tumor effects by inducing cell death in some malignancies; however, the effects of ZA on CSCs are unclear. We investigated the anti-cancer effects of ZA on two epithelial cancer cell lines, prostate DU-145 and breast MCF7, focusing primarily on induction and activation of apoptosis. Cluster of differentiation (CD) 133+/CD44+ prostate CSCs and CD 44+/CD24 breast CSCs were isolated from the DU-145 human prostate cancer and MCF-7 human breast cancer cell lines, respectively, using FACSAria flow cytometry cell sorting. CSCs and non-CSCs were exposed to increasing concentrations of ZA for 24, 48 and 72 h to determine the IC50 dose. Annexin-V assay for detecting cell death and cell cycle was performed using the Muse™ Cell Analyzer. Prostate CSCs and non-CSCs were assayed by quantitative reverse transcription PCR (qRT-PCR) array for detecting 84 key apoptosis related genes. Gene regulation at the protein level was investigated by immunofluorescence. ZA caused a dose- and time-dependent decrease in cell viability. Treatment with ZA resulted in a concomitant increase in apoptosis and cell cycle arrest at S-phase in CSCs. Significant over/under-expressions were detected in seven of the genes of ZA-treated DU-145 CSCs cells. Expressions of CASP9, CASP4, BAX and BAD genes increased, while the expressions of BIRC3, BIRC2 and BCL2 genes decreased. In the DU-145 non-CSCs, five genes exhibited changes in gene expression after ZA treatment, two exhibited increased expression (CASP7 and BAD) and three exhibited decreased expression (BIRC3, BIRC2 and BCL2). ZA caused cell death of drug resistant breast MCF-7 and prostate DU-145 cancer stem cells by activating apoptosis. ZA can facilitate the intrinsic pathway of apoptosis in human prostate CSCs by down-regulating anti-apoptotic genes and up-regulating pro-apoptotic genes. ZA may be an effective therapeutic agent for targeting chemoresistance in CSCs.